Dioxygen activation by putidamonooxin. The oxygen species formed and released under uncoupling conditions.
In the presence of substrates not favourable for hydroxylation, more than 80% of the dioxygen consumed by purified, reconstituted 4-methoxybenzoate monooxygenase appears in the reaction mixture as hydrogen peroxide. We have investigated whether under these conditions (a) reduced putidamonooxin, the oxygenase of this enzyme system, either autoxidizes in the presence of dioxygen, with liberation of superoxide anion radicals which then disproportionate to H2O2 and O2, or (b) dioxygen is reduced by two sequential single-electron steps leading to the active oxygen species that forms hydrogen peroxide directly when inactivated by protonation. Quantitative estimation of O-2 radicals, with either succinylated ferricytochrome c or epinephrine used as O-2 scavengers, revealed that only about 6% of the total electron flux channelled via putidamonooxin to dioxygen led to the monovalent reduction on dioxygen. This means that not more than 3% of the hydrogen peroxide found under uncoupling conditions arises from the rapid bimolecular disproportionation of initially formed O-2 radicals. Inconsistent results were obtained when lactoperoxidase was used as an O-2 trap. Our measurements indicate that the conversion of lactoperoxidase into compound III is an inappropriate method of detecting any O-2 radicals that may be found by the uncoupled 4-methoxybenzoate monooxygenase. The stoichiometry of about 1:1 for O2 uptake: H2O2 formation indicates that under uncoupling conditions H2O is virtually not formed. The role of [FeO2]+ as the active oxygenating species of putidamonooxin is discussed.